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BY S. W. BURNHAM. 


MAGNITUDES, 
In the matter of magnitudes, it is much the best to 
ploy the Struvian seale. The fact of its use in 


i 


em- 

1 all the obser- 
vations of both the Struves, Dembowski. and other creat 
double-star observers, is a sufficient reason for preferring it 
to any other. In this scale a star of any given magnitude 
is supposed to have four times the light of a star one magni- 
tude fainter: but the recent photometric observations of 
double stars made at the Harvard College Observatory tend 
to show that practically Struve’s magnitudes are about the 
same as those of a later scale where the light ratio is 2.5 in- 
stead of 4. It is sometimes convenient to know what is the 
faintest star which can be seen with any given aperture. 
In a general way it may be stated that if the diameter of 
telescope be doubled, its seeing power will be increased one 
and a half oe The tollowing table, based upon a 
light ratio of 2°5, is from Neweomb and Holden's Astron- 
omy : 


Aperture. Minimum visibl 
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VARIABILITY. 


In this connection a word of caution in respect to charg- 
ing double-stars with variability should find a place. All 
experienced observers, wid agreat many of the other class, 


make too little allowance for the ‘'s eine,” and very tre- 


quently ascribe the difficulty of observing a particular star, 
or the failure to see it, to some mysterious variability in its 
light. [repeat here what [ have more than once asserted 
before, that in the lower magnitudes there is not a single 
double-star known where there is any satisfactory evidence 
of the variability of the compani 

Of course, such instances may exist, but I know of no 
star where the observations, when carefully sifted and com- 
pared, even tend to establish it. [am aware of the adverse 
opinions of some eminent observers with reference to special 
objects: but [ think much of the difficulty experienced in 
catching these faint stars, if not all, may be attributed to 
the seeing. For instance n observer looks at the sixth 
star of the trapezium with, say, a six or eight inch aper- 
ture, and fails to see at vhat, on a previous oceasion, 
was very plain, and immediately comes to the conelusion 
that the star is variable. The fact is, that the very best 
proof in the world of variability would be furnished by al- 
ways seeing unequal pairs of this class with any moderate 
aperture. If any one will examine with an aperture of 
seven or eight inches the double stars discovered with my 
six-inch, he will find a great many variable double-stars, if 
such a condition can be inferred from an entire failure to 
see many of them on ordinary, or even good nights, and 
this will be just as true if a still larger aperture is employed. 
A steady air and 
cannot always tell just how good these conditions must be 


good detinition are indispensable, and one 


until a trial is made. There wre comparatively few work- 
— } 


ing nights when Ido not place the instrument on some star, 


the companion to which | 1: unable to see: and never, in 
asinele instance, has sucl ilure led to even a suspicion of 
] 


any change in the star. It isexactly what one would ex- 


pect if the star was not va abl Phere is no kind of night 


S&S. ! ¥ 
+ 


which is the best possible for all kinds of observations, even 
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of double-stars. [have frequently had stars, which I thought 
might be double, on my list for examination for many 
months, and in some instances several years, before | could 
be absolutely certain they were really double. It is neces- 
sary to keep trying until just the right conditions are found, 
and then the doubtful star may come out plainly enough. 

It has been said that a much larger aperture is- necessary 
to discover a star than to see it when its place is known. It 
is easily seen how this might be true of persons not partieu- 
larly accustomed to this kind of work; but it ought not to 
be true of practiced observers, and certainly is not in accord- 
ance with my experience. | have never been able to see any 
sort of advantage from knowing anything about a double- 
star in advance of the observation. A few seconds only are 
sufficient to examine as carefully as itcan be done every 
quadrant, and to see all that can be seen on that occasion. 
I have, generally, seen a faint star of this kind better at the 
time of its discovery. than at any subse juent time; and, 
therefore, very early adopted the plan of carefully estimat- 
ing or measuring the position of the new star when first 
found. 

What has been said about uncertain observations does 
not apply so well to close pairs, as to very unequal ones. In 
the case of a pair much below the separating power of the 
telescope, an elongation may be suspected, which a better 
night er a larger instrument will show is not real. It is 
well to make a note of such stars, even under ordinary at- 
mospheric conditions, as some of them are certain to prove 
to be really double. [ have discovered a good many objeets 
of this class under such circumstances: and, in| Some in- 
stances, where the pair was very close, have kept it on the 
list for perhaps a year, examining it on every suitable ocea- 
sion when convenient to do so, before [ could feel quite cer- 
tain of the duplicity. A very close double-star does not 
look like a single star, even when it is impossible to guess 
at the direction of the elongation with any certainty. It 
would be difticult to describe or even point out any peculiar- 
ity in the appearance of the star. One is impressed with a 
difference long before a steady air and high power make an 
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elongation decidedly apparent. In this way I have frequent- 
ly found stars on an indifferent night which proved to be 
exceedingly difficult under the very best cireumstanees. And 
so, observing with a very small instrument when the very 
best work can be done within the range of the aperture, 
stars will be found which do not look like single stars, but 
it will be impossible to say more with certainty, and they 
must be examined with a larger aperture. The double-stars, 


3260 and 3 291, are examples of what will sometimes be 
done inthis way. The latter pair was for a long time sus- 


pected with the six-inch, and subsequently verified, and 
found to be a difficult object with a 26-inch aperture. 

The highest power is not the best in searching for new 
pairs, even under the best atmospheric conditions, for al- 
though it will show extremely close pairs better than a 
lower power, it will wholly fail to show other classes of 
pairs. With a six-inch aperture, the best general working 
eye-piece will be a power of about 200, That will show most 
of the minute stars as well as any other power, and with it 
thre practiced eve will rarel 
distance, without suspecting something, and trying a higher 


V pass any pair down to 0.4" in 


power, 
EY E-PIECES. 
[t will be a great saving of time to have the eye-pieces so 
arranged that when pushed into the adjusting tube they 
will be in exact focus. This is easily done in this way: 


push the highest power into the tube as far as it will go, 


11 


and then focus it very carefully upon a close pair not far 
emove this power, and put in the 
out disturbing the tube or touching 


from the zenith: then 3 
others successively, wit] 
the focusing screw, aul after getting the exact focus, mark 
on the side of the eye-piece the precise place of the end of the 
tube. Then a collar of tinextending to this mark can be 
fitted in a few minutes which will serve as a stop when the 
eye-piece is placed in the tube. This collar may be harrow 
except at two points on opposite sides, which is well to have 
rather too wide than otherwise, and then work down with 
a file. Of course an excellent night will be selected for 


marking the eye-pieces, and all possible care exercised in 




















XUM 


HINTS ON DOUBLE-STAR OBSERVING V7 
getting the best place for each power. With the eye-pieces 
fitted on in this way, when one is in focus, any other may 
be substituted without loss of time: and when it may be nee- 
essary to do this perhaps fifty times ina night, it is not an un- 
important matter. [can speak with the utmost confidenee 
of the practical value of such an arrangement. Itisonly on 
very fine nights that any improvement in the focus need be 
attempted, and then but rarely. When the micrometer is 
attached,this is already provided for, as each eye-piece when 
pushed or screwed into its place will be focussed on the wires. 
WORKING LIST. 

For micrometrical observations, two working lists should 
be prepared, one containing very close and difficult pairs, 
and the other, wide and comparatively easy pairs, each ar- 
ranged in order of right ascension. A very convenient 
arrangement is to put each hour of right ascension on a 
separate, closely ruled page, and have the leaves cut at the 
edge like an index, puiting the hour on the marginal part 
of each leaf, so that the book can be Opened at once at the 
desired place. The lists should contain the name, right 
ascension, declination, angle, distance, and magnitudes of 
each pair, which should have a place on the page in propor- 
tion to its distance from the commencement of the hour. 
Additions can then be made to the list at any time, and the 
stars inserted in their proper places. By arranging and 
ie will be saved in 
finding suitable and convenient objects for observation. In 
making up the lists, the most interesting objects of each 


classifying the stars in this way, much t 


class within the range of the instrument will be selected, 
and particularly those which have been over ooked or neg- 
lected by observers heretofore. 

More tha» 10,000 stars have been catalogued as double, 
but the number of pairs sufficiently interesting to merit any 
attenfion is smaller than is generally supposed. It is. safe 
to say that altogether we shall find less than 3.500) stars 
within 120° of the North Pole, which, judging from the 
magnitudes and distances of the companions, are of any con- 
siderable importance: and a large number of these have 
their relations so far determined as to render observations 
for the present unnecessary 
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RECORD OF OBSERVATIONS, 

For an observing book | have used for a long time, aecom- 
mon blank book, to be found at any stationer’s, about six 
by seven and a half inches. Any blank book will answer 
the purpose, but this will be found to be as suitable as any 
other. Asmall brass clip, suchas is used to hold papers 
together, is very convenient for keeping the place, as the 
book can be opened to the right page without a light at 
once. All printed or blank forms of any kind for double- 
star measures are worse than useless, and of no conceivable 
advantage. The necessary entries are few and of the sim- 
plest possible character, and can easily be put in one-fourth 
of the space occupied by some of the printed forms which 
have been suggested, which generally contain places for 
many things no one should ever think of wasting time by 
filling up. Perhaps | cannot better illustrate my idea of 
the most convenient way of making the entries, than by 
copying the page of my own observations, which shows all 
that is necessary to put down. This is a portion of my 
measures made on the last working night, given in the order 
in which thev were made. It isin every respect an exact 
copy of the original entries, and fairly represents all that is 
ordinarily written on any Occasion. 





April 25, 1880-315. 





& Cancri. (88 5° 20°.) Regulus. (10° 2" 0°.) 
es. sO V. SS .2.e: 
85°5° BC 865° 49°662 236 
= 4:3 , 85-6 = 68 “T10 17 \ 877° 
- 47 905 .020 + OG4A 73 “705 218 + 3°63" 
> 62 -900 -014 = 83 eee 
6-0 ‘GOS -O14 8-0 “692 -224 
85:3 904-016 S74 
Y 3121. (9 10" 46. 39 Leonis. (10 10™ 39.) 
7-0 75 (3rd quad.)V oO ...... 10 Bh. 
Well sep rated 117.0 
S 244 TO ( 298-4° 
= 190 ( 199-8°).5 9-2 t 691° 
S 194 -919 -002 4 950") + 75 49345 372 
185 905-999 = 9-9 ‘382-546 
19:2 -908 -995 ‘3 333 582 
19°35 -911 -999 1181 joo 90.563 
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The right ascension of the star is given in parenthesis 

following the name, then the estimated magnitudes, and the 

number of the eve-piece used. in these observations, eye- 

' piece V is a power of 900.) There ts no occasion for insert- 
ing the declination. The right ascension is all that is need- 

ed fer indexing or referring to any catalogue or list. The 


sidereal time of the observation is written on the left. The 
footings of the several colunims. and the reduced angles and 
distances on the right were, of course, made subsequently. 
The parallel reading of the position-circle at this time is 
89°7°; hence, the mean angles require a correction of + 0'3°, 


The figures in the second and third columns are the readings 
of the divided head of the micrometer screw, in thousandths 
of a revolution, on each side of the fixed wire. In pairs not 
exceeding two or three secouds distance, it is not necessary 
to read or record the number of the revolution, and only 


one side in any Case, the coincidence of the w lres, of course, 
being known. In this micrometer the coincidence is made 


| at 50 on the scale, and, therefore, if the scale reads 49, as 
in the observation of 3% Leonis, the other side must be 50, 
The double distance is 1°210 revolution, half of whieh, mul- 

> | 


tiplied by the value of one revolution (11°42 ") gives the meas- 
ha to avoid errors, 


h the values ean be 


ured distance To facilitate this wor 
a table should be prepared from whic 
taken at once. The following is a portion of such a table, 
based upon the value of the screw used in these measures: 


| | 
‘000 | .001 | -002 003 HOt O05 OOG 007 ous 009 | 














“08426! - O45 57] + “09336! .10278) -00 
LISI6) “1508S. 17130) «1s Li} * 20556 1 
2 1976 02 
“35402 6 ‘03 
04) °4568) “46822 S16 “04 
etc | ri 
This is equally useful in reading long distances, due regard 
being paid to the decimal point. For instance, if the double 
distance is 10°628 revolutions, we shall have from the table: 
14 6u 
Distunce 60° 6~E 


The double-stars measured above are good representations 
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of moderately close and nearly equal n—aal—~,,/: 


components. Three of these are interesting physical sys- 
tems. The companion to Regulus was measured for the 
first time two or t 
ture, as the companion has not more than one-third of the 
light of the companion to 39 Leonis (#2523). Many of 
the later measures of ¥ 3121 require a correction of —180° 


iree years since. It requires a large aper- 


in the position-angl 


The measures sii I, e pied into a record book, the 
page heing wide en »rulethe following columns: ecur- 


rent number for indexing: name of star, or designation in 


¥, OX, ete.: right ascension: position-angle: distanee; date 


expressed decim: lly: sidereal time: power, or eye-] piece: the 
remaining portion of the page being used when necessary to 
indicate the particular components measured, as B, C, ete., 
and for other notes. When the first measure of a star is 
written in, a sufficient number of lines should be left before 
entering another star, to put in subsequent measures. As 
a general rule, each star should be measured on at least three 
nights, and oftener in the case of very important and diffi- 
eult pairs. The stars should be indexed as fast as they are 
copied in, for which ab ok similar to that used tor the 
working-list may be used, or a large sheet of paper, folded so 
as tomake at least 24 narrow pages, and then eut rage 
atthe back. A sheet ofthis kind, making a page eight ¢ 

nine inches in length, will aiford room for indexing at les he 
1,500 measures without much crowding. Of course, only 
the name of the star, right ascension and reference number 
will appear here. The observer can tell instantly whether 
he has measured any particular star, and if so, can turn at 
onee To the observations. New lo ible-stars should be put 


in another part of the book, three or four on a page, leaving 


sufficient space To put in all subse quent measures. 

It will be very rarely necessary to put down in the observ- 
ing-book any more than is shown in the foregoing observa- 
tions. and on an average the observer will not need to write 
half a dozen words a night. Unless the night is very fine 
no entry need be sturs not seen, or not seen well 


enough to measure. This will occur very frequently if the 
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more difficult stars are looked for. It may happen once a 
week that it will be necessary to indicate the quadrant. 
This will be in measuring pairs where the components are 
so nearly equal that the angle may be reversed, but it will 
be important to attend to this only in very close and rapidly- 
moving couples, and particularly when they have been sup- 
posed to be recently single. This may be done by a diagram, 
but much the quickest way is to note, after the magnitudes, 
either the quadrant or estimated angle. In all other in- 
stances the observer will know by the description in his 
working-list whether he has set on the right object, and 
will notice an error in the direction, if any exists, and will 
be sure of the identity of the object before proceeding fur- 
ther. 
AMOUNT OF WORK, 

The amateur observer may wish to know how much mi- 
crometrical work he should ordinarily be able to do. This 
will depend upon the zeal and industry of the observer quite 
as much as upon the state of the weather. All large tele- 
scopes are, to a greater or less extent, more troublesome to 
manipulate than small ones. The moving of the dome nee- 
essarily requires more time, and fewer stars will be observed 
than with a telescope of moderate size © One may make fifty 
measures in a night, but half this number is a good night's 
work, and the average will be represented by a much smaller 
number. The amateur observer, who has other duties dur- 
ing the day, and eannot therefore, use the entire night for 
astronomical work, except on special occasions, should make 
in a year, with the average amount of clear weather, at least 
one thousand separate measures. [f he has leisure, and is 
free from business cares, he will naturally do much more 
each night by making longer hours, aad in a year should 
accomplish nearly twice as much. When a first-class night 
comes, the earnest observer will make the most of it, and 
will, of course, indefinitely postpone going to bed for a night 
or two at least. He will preter to get along with three or 
four hours a day of sleep for a week, if excellent nights 
should continue so long, rather than to lose any of the time 
so valuable: and it is only in this way that very much prog- 
ress can be made in discovering or measuring ditlicult double- 
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stars. One tine night worth more than a dozen indiffer- 
ent ones, because stiais can be observed, of which a single 
good measure would be of more interest and value than 
measures of much greater number of the other class of stars. 
Henee, if one is going to follow the subjeet in earnest, he 
will-under no circumstances fail to improve every opportu- 
nity to observe a difficult pair. [tis always dangerous to 
put it off for some more convenient time, which may not 


occur fora year. {nthe winter, in cold) climates, heavy 

clothing will be necessary, especially for the feet. and there 

is not much fear of overdoing it, with the temperature much 

below zero. When the thermometer gets down to ten or 

fifteen degrees below zero, the observer may find his enthu- 

siasm somewhat cooled off. unless the seemg is very fine. 
METHODS OF OBSERVING. 


In measuring the double-stars my practice has been to 
make four or tive settings for the position angle, and three 
on each side for the double 


listance. This is in accordance 
with the practice of some of the best observers. Certainly 
nothing is gained by making a great number of readings on 
one night, and there is no reason for expecting any better 
result from a dozen or twenty measures than from the 
smaller number. I[t is easier to make the individual read- 
ings agree with each other, than to make the mean results 
of different nights correspond, even when the observations 
are made apparently under the same conditions. |The only 


way to secure accurate results is to inerease the number of 
nights. Some observers have adopted elaborate plans of 
assigning weights to iight’s work, or getting in some 
roundabout way the most probable mean result from sever- 
al observations. I[t seems to me that nothing is gained if 
the measures are properly made, by any sach course, By 
no manipulation can good results be obtained from poor ob- 


servations, and burying them undera load of least squares, 
probable errors, and assigned weights will not improve them. 
It has been said of one authority that he seemed to believe 
“that valuable results could be obtained from any data, 


] 
| 


however imperfect, by using formule with an adequate sup- 


ply of signs of integration.” The best observers simply 
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take the arithmetical mean of the different measures, and 
this is undoubtediy all that is llecessary to be done. Ifa 
reasonably good measure cannot be made, it is better not to 
attempt it; and one can tell about this as well before com- 
mencing, as three or four minutes later when the measure 
has been made. 

A preference has sometimes been expressed for measuring 
certain classes of double-stars by daylight, or in the early 
twilight. Ordinarily, I have not been able to see satisfae- 
torily any difficult stars | wanted to measure until very 
nearly dark, and have seldom found the images sufficiently 
steady until about an hour after sunset, to make it worth 
while attempting tu make measures. Of course many of the 
brighter pairs can be seen at any time of the day. I have 
measured <= (Epsilon) Bootis with a 6-in. aperture in broad 
daylight, and some hours before sunset. 

WORKS OF REFERENCE 

For the purpose of identifying double-stars. the observer 
will need the following catalogues:— 

I. Struve’s great catalogue, ‘*Mensure Micrometrice.’’ 
The reprint of this work, prepared and published by Lord 
Lindsay, contains the mean results of all the observations, 
and is much more convenient to use than the orignal, as the 
stars are all arranged in one catalogue in order of right 
ascension, instead of in classes. The republication of this 
great, and now scarce, catalogue in a compact form has 
been of great service to all interested in the subject. 

IT. Otto Struve’s Pulkowa Catalogue. This is a small 
work, but fully as important as the other, from the larger 
proportion of close and difficult pas. Although it contains 
less than 500 stars, it will be referred to in identifying ob- 
jects found from time to time about as often as the other, 
containing more than six times as many pairs. The revised 
and corrected edition of 1850 should be used. The stars are 
given without measures, but with places, magnitudes, and 
approximate distances. Dembowski's measures of these 
stars will be found in the cAstromomisch Nachrichten, Nos. 
1806-1832. The observations of Otto Struve, made sinee 
1840, are contained in Vol. IX. of the Pulkowa Observations. 
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III. The various catalogues of new stars | have contrib- 
uted from time to time, a list of which will be found in the 
Introduction to the **Double-star Observations made in 
1877-8 at the Dearborn Observatory,” Wemoirs R.A.S., Vol. 
XLIV. These ten catalogues comprise 733 new double-stars, 
and later discoveries, not yet published, will extend the num- 
ber to more than one thousand stars: and as a large propor- 
tion of them are difficult objects, they are certain to be 
picked up by anyone successful in discovering new stars. 
There are but few stars, relatively, in :‘Mensure Microme- 
trice’* which it will be necessary to stop to identify when 
found, if one is looking for new stars. Most of those which 
are not close are too easy W ith a telesc ope of much power 
to be new, and may be safely passed by. For more than 
15° south of the Equator, the catalogues of Stone and Howe, 
of Cincinnati, will be important, as they contain a consid- 
erable number of new stars, as well as measures of pairs but 
little observed heretofore. There are some other late minor 
lists of new stars: but as they contain altogether only a few 
objects, they need not be specified here. The several cata- 
logues of Sir John Herschel, although they comprise more 
stars than all the works above enumerated, will be very lit- 
tle wanted. They were picked upin sweeping, and, with 
very few exceptions, are faint, wide, and unimportant, and 
such as would receive no attention from the observers of 
the present day. All doublé-stars in the catalogues of Sir 
William Herschel, close enough to bring them within the 
limit of distances adopted by Struve, will be found in ‘*Men- 
sure Micrometrice.”* 


For the purpose of micrometrical work, the ‘*Handbook 
of Double-Stars,"* by Gledhill and others, and Flammarion’s 
**Ktoiles Double et Multiplesen Mouvement relatif certain,”’ 
will be almost indispensable. The former contains much 
valuable information not to be found anywhere else. The 
chapters on the telescopes, methods of observing, &e., will 
be of the greatest service to amateur observers. The cata- 


logue and measures include a large number of the most  in- 
teresting objects. suitable for all classes of telescopes. Flam- 
marion’s work deals only with stars having relative motion, 
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and gives substantially all the measures, arranged in chro- 
nological order, of every pair where there has been any 
change in the angle or distance of the stars, with notes con- 
cerning the character of the motion, periods of binary stars, 
&e. One can see at a glance just what moving pair most 
need measuring. Webb's ‘‘Celestial Objects for Common 
Telescopes’ is too well known to require any commenda. 
tion. It has done more perhaps than any other work ever 
published to interest amateurs in astronomical work, and is 
not likely to be superseded by any similar work. Though 
founded upon Smyth's ‘‘Bedford Catalogue,’ and to some 
extent indebted to that work, Mr. Webb, in the extracts 
made, has managed to avoid most of the mistakes which 
illustrate almost every page of Smyth relating to double- 
stars. The new edition, issued in the latter part of 1881, 
contains a large amount of new matter, and should be in 
the hands of every amateur observer. 


Mr. Chambers has recently published a revised and en- 
larged edition of the ‘‘Bedford Catalogue,"* omitting many 
of the erroneous measures of Smyth, and giving very late 
measures of the more interesting double-star systems, of 
which several hundred are given, not contained in the orig- 
inal edition. 

The numerous series of measures by the various double- 
star observers are very convenient for reference; but the 
works I have mentioned will answer all practical require. 
ments of the amateur observer, for some time at least. A 
general catalogue of double-stars is very much needed by all 
classes of observers, and those interested in the subject, for 
the identification of stars, and for selecting suitable pairs 
to observe. The so-called Herschel’s *‘General Catalogue of 
Double-Stars,”* is of no use for any conceivable purpose. It 
contains about all the mistakes which have ever been made 
by anyone concerning the stars in question, and in addition, 
many others. It omits entirely several hundred of the most 
interesting double-stars, including a portion of the Pulkowa 
Catalogue, and, as an offset or compensation, includes a 
large number of stars, perhaps as many more, which’ are 
not only not double at all, but have never been suspected or 
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regarded by anyone at any time as double. These defects, 
however, are of little consequence, and not worth correct- 
ing, beeause if the work was entirely free from them, and 
without errors of any kind, it would still be, from the entire 
absence of all description of the stars, and information of 
any kind concerning them, practically useless. It is unfor- 
tunate that this catalogue could not have been prepared by 
Sir John Herschel 

A good star map is very desirable, and for general observ- 
atory purposes | have found Proctor’s Atlas better than 
Argelander’s, Heis’, or any other with which I am acquaint. 
ed. Some of the points of superiority are: the method of 
representing magnitudes: attaching the letter or number to 
the Flamsteed stars, omitting the constellation figures, 
thereby rendering the map much clearer and easier to use 
in comparing it with the heavens, &c. ‘To keep up with the 
current discoveries and observations, the astronomical peri- 
odicals, and particularly Monthly Notices of the Royal As- 
tronomical Society, Astronomische Nachrichten, Astronom- 
ical Register, and Observatory should be consulted. 


STAR CATALOGUES, 


For fixing the places of new double-stars, certain star 
catalogues will be necessary. For a single catalogue Le- 
lande’s is perhaps the most serviceable, as it includes nearly 
50,000 stars, distributed over the whole area of the northern 
heavens. For particular regions the following may be 

] 


il 
named as being lik 


ely to contain most of the small stars 
wanted: within 10 of the North Pole, Carrington’s Cata- 
logue; from the Pole to 45 north declination, Oeltzen’s 
Argelander, and Radcliffe: from 45° to 15° north deelina- 
tion, Weisse first catale ene: from 15 north to 15 south, 
Weisse second catalogue, Schjellernp, Berlin, and some of 
the Lamont Zones: from 15° to 31° south, Oeltzen’s Arge- 
Jander, Lamont’s Zones, and an Zones. Dr. 
Gould's recently published Aryenting Uranometrie contains 


} 


all stars down to the seventh magnitude from the South 
Pole to 10° north of the Equator, and-is invaluable to south- 
ern observers. Hquaily indispensable to astronomers in the 
southern hemisphere is Stone’s “Cape Catalogue of 12,441 
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Stars for 1880." Oceasionally stars will be picked up which 
cannot be found in any of the catalogues mentioned. Ref: 
erence must then be made to the Zones of Argelander, the 
three volumes of which contain all the stars down to the 
ninth magnitude between the Equator and the North Pole, 
comprising in all more than 524,000 stars. Every observer 
should have this catalogue to fall back on, and for its aeeur- 
ate determination of magnitules. The star places are only 
close approximations, but near enough for all practical pur- 
poses. In identifying small stars, and particularly in 
crowded parts of the heavens, it is best to take the readings 
of the circles on one or two of the brightest neighboring 
stars, as well as the new double-star. It will take but a 
minute or two longer, and will frequently prevent uncer- 
tainty when the star catalogues are referred to for the place 
of the required star. 

The foregoing suggestions are such as have oceurred to 
me in hurriedly going over the subject for this purpose. 
They are necessarily incomplete, and many points, perhaps 
equally important, are left untouched. To consider thor- 
oughly in all its bearings a subject of so much magnitude, 
and of so wide a range, would far exceed the limits of the 
present article. In conclusion, | would caution the amateur 
observer against attempting to cover too much ground, or 
taking hold of too many kinds of work. It is only by per- 
sistently sticking to one thing, that substantial results ean 
be accomplished. [If double-star work is to be taken up, 
let the sun, moon, and other heavenly bodies take care of 
themselves: or, at any rate, trust them to the observers who 
are making these objects a special study. [It is better for 
science, and better for the observer, that he should strietly 
confine himself to whatever branch of observation he may 
select. Any one of the numerous subdivisions of astronom- 
ical work is enough for the whole time and best efforts of 
any observer. The universe is too vast, and life too short, 
to undertake more. 


The national standard time bill (No. 5009) will probably 
not be reached during this term of Congress. 
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AURORA BOREALIS IN MINNESOTA. 

SOME OBSERVATIONS MADE THEREON IN 1860 AnD 1861, 

BY CHAS. S. BRYANT. 

On the 13th of March, 1860, at the town of Wabasha, on 
the Mississippi river, between the foot of Lake Pepin and 
the mouth of the Zumbro river, and nearly opposite to the 
mouth of the Chippewa river, at 10 o'clock, p. m., of that 
day, an electrical exhibition took place of a peculiar and 
noteworthy character. Of this phenomenon, I extract some 
items from an old record taken at the time. The frost was 
yet on the ground, and Lake Pepin was covered with ice 
twenty inches thick. The day previous had been warm, 
but after sundown the air suddenly cooled down to a low 
temperature. The river below the lake had been open some 
time, and a steamboat, on the night above named, came up 
the Mississippi from some point below. Apparently in the 
track of the boat, when nearing Wabasha, a column of 
fleecy, vaporous character, but slightly luminous as it arose 
above the river banks, ascended from the surface of the wa- 
ter, and in a short time reached far upwards towards the 
heavens, and soon extended over the valley to the bluffs of 
the river on either side. 

In the case above, as the electric storm went upwards, the 
light increased to brilliancy so intense that the beholders 
imagined the prairies on the bluffs were on fire, and yet the 
only light exhibited came from the peculiar phenomenon 
arising from the river, and the air immediately around them 
and over their heads. 

Another exhibition of a similar, but somewhat varied 
character, took place on the night of April 11, 1860, at 8 
o'clock, p. m., at the place named above. The peculiarity 
of this case consisted in the varied movements of vaporous 
points not wholly unlike the discharge of condensing steam, 
suddenly expelled from the escape pipe of a steamboat, or 
the curling white smoke from a tobacco pipe, greatly in- 
creased in size, as it floated in curls upwards into the air, 
expanding and losing its characteristic form in a denser 
mass higher up in the heavens. 


This exhibition could scarcely been more striking had ten 














YIM 


AURORA BOREALIS IN MINNESOTA bis) 





thousand steam engines, of many horse power, been sta- 
tioned in mid heavens, putting under a full pressure of 
steam, creating an aerial current of slightly colored vapor, 
leaping with cataract speed towards the starry heavens, and 
there disappearing in the invisible ocean above ! 

In this case there was no visible crown, or arch, from 
which lights usually shoot up and walk along the edge of 
the rosy fringed bow, from the east to the west, until by 
regular and gradual descent, they sink below the horizon, 
and cease to tinge the heavens above: but to the more south- 
ern observer, no doubt, the usual arch might have been 
seen, andthe usual colored lights like specters continued 
their parade along the northern heavens, until lost in the 
brighter light of the coming sun, on the morning of the 
next day. 

The exhibitions in March and April, 1860, in each ease 
took place while the frost was yet in the ground. The day 
previous to the one in April had been warm, the temperture 
60 degrees Farenheit, and cooled suddenly after sun down. 
The one in March, 1860, took place when snow, in places» 
still lay upon the ground, Perhaps the earth heing frozen 
or covered with snow became insulated, and the electric 
carrent could escape only through the atmosphere, into the 
heavens. 

On the 8th of March, 1861, took place in the valley of the 
Minnesota, at St. Peter, another phenomenon of the char- 
acter above, with peculiar variations. After sunset, there 
gathered in the east a dense deep blue electric zone, several 
degrees in width, and so storm-like as to induce the remark 
that ‘“‘an awful thunder storm was lying off, low down in 
the eastern horizon; and yet there was no storm in that 
direction at the time. By 12 o'clock at night a well de- 
fined auroral arch, with center due east, tapered off to the 
north and south till lost below the line of vision. The up- 
per edges of this blue belt had alight, fleecy border, through 
which the stars shone distinctly. This border sustained a 
flame of low type all along the crown of the arch. At about 
three o'clock onthe morning of the %th, a high, furious 
wind from the northwest blew towards the point in the east 
where the zone of the aurora belt appeared the night before. 
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Towards the evening of the 9th a snow storm came on and 
the temperature fell to within ten degrees of zero, and the 
falling vapor became frozen specula of ice. Soon after 8 
o'clock, the most peculiar aurora appeared in the northern 
heavens, extending upwards, it soon reached the zenith, and 
passed still southward, until Orion and the Pleiades were 
slightly obscured by the gauzy streamers. In the north, 
during this display, lay a luminous bank of flame-tinged 
vapor, giving off a light about equal to the light of a full 
moon. The hair-like strie forming streamers floated as if 
attached at one end toa flag-statf, filled the canopy over 
head, waving from side to side, and flashing with light at 
short intervals antil each streamer in turn faded out into 
the light of the stars. 


The record from which these samples have been abstracted 
goes to show that the aurora borealis is not exclusively a 
northern exhibition, but more likely to occur in places 
where the air is subject to the most sudden changes, which 
in Minnesota takes place soon after sundown in the spring 
and fall of the year. After sundown in this latitude the 
upper portions of our atmosphere suddenly cool. This sud- 
den change produces electrical action by the condensation 
of the vapor. The oxygen contained in the vapor, having 
greater affinity for heat set free, than for the hydrogen, 
causes a mild form of aerial combustion, by the burning of 
the oxygen and hydrogen of the vapor in the regions of 
rapid condensation. When combustion takes place, the 
vapor is reformed, and thus the electric fire burns on until 
a common temperature supervenes, and the flame of the 
aurora ceases, sometimes early and sometimes late at night, 
but generally before midnight. It is apparent that the 
aurora must have its origin in some action of the sun. 








AN important bibliographical work has been undertaken 
by Mr. Chandler, viz: the collecting of references to observ- 
ations of stars of known or suspected variability. On the 
completion of this work it is intended to measure compari- 
sons-star photometrically. 
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SOME HINTS AND DIRECTIONS TO OBSERVERS 

FOR RECORDING METEORIC PHENOMENA. 

RE. F. SAWYER 

During the past few years many experienced and eminent 
astronomers have given great attention to the collecting 
and discussing of meteoric observations, and a great variety 
of important astronomical facts have been deduced from 
the data thus collected. Much of the material contributed 
has, however, been gathered by amateur observers of 
meteors, and to this class, this field offers special attractions 
for original observation and research : owing to the fact 
that no well appointed or expensive observatory or instru- 
mental equipment is necessary in order to successfully prose- 
cute the work. It is not the writer's intention, however, to 
enter into a discussion regarding the probable origin of 
meteors or the many theories that have been advanced by 
eminent astronomers respecting the same, but to direct 
attention to a branch of astronomy at present sadly 
neglected in this country, and give some hints as to the best 
methods of observing and describing accurately the many 
notable appearances which these celestial bodies present, 
and the manner of recording the same, so that the reeord 
may be of value. The writer's own experience as an ama- 
teur will be given; but the valuable directions to observers 
published by the British Association Luminous Meteor Com- 
mittee can hardly be improved upon, and have been freely 
used in the preparation of this article. The meteors to be 
recorded are divided according to magnitude, or other pecu- 
liarities, into various classes as: First, Telescopic meteors, 
which owing to their faintness can only he seen by aid of 
the telescope; second, shootine-stars, visible to the un- 
assisted eye, and comparable to the different apparent mag- 
nitudes of the fixed-stars in brightness: third, Bolides and 
Fireballs, or very bright meteors, equal! or exceeding the 
planets Jupiter and Venus in brilliancy, aud often conpar- 
able to the different phases of the moon, and quite rarely 
rivaling the sun by daylight apparitions: fourth, Deton- 
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ating, or Aerolitic meteors, which produce an audible explo- 
sion, being comparable to a distant cannon, a peal of 
thunder, or an earthquake shock, by their concussion with 
the air: and fifth, Stonefalls and Lrontalls, which sometimes 
occur singly and occasionally in a shower. 

The methods of recording these different apparitions differ 
somewhat, so that it is necessary to give separate and some- 
what independent directions and instructions to enable 
observers to record useful aecounts of the phenomena. 
First, Telescopic meteors are generally noticed while observ- 
ing other astronomica! phenomena. During the prevalence of 
meteor showers however, they have occasionally been looked 
for especially and many interesting and valuable obser- 
vations of such meteors have been placed on record. 

**The point to which a telescope is directed (in R. A. and 
Decl.),"* with the time to the nearest minute when such an ob- 
ject is observed, ** and its brightness compared with that of 
fixed-stars seen with the same telescope, is to be stated ; and 
the position-angle of a diameter, ora radius of the field of 
view drawn parallel to the direction towards which the 
meteor shot, should be determined in the degrees or quad- 
rants usually adopted by astronomers, making the allowance 
for inversion of the image which the telescope requires with 
as much precision as can be ensured. The length of path, 
if not prolonged beyond the view of the telescope, can be 
stated by comparison with the kaown width of its field in 
minutes or parts of a degree of are; and deviations of 
brightness, change of brightness and appearance of the 
head, during its passage, as well as the persistence on its 
track of astreak or of sparks, if visibly remaining, should be 
noted with the duration in seconds, as nearly as it can be 
estimated, of the meteor’s flight, while the nucleus was in 
sight. A streak will often mark the line of passage of a 
meteor which crosses the field of view teo swiftly to be fol- 
lowed with the eye, and the breadth of this light-streak in 
minutes or seconds of are should then be noted, with its bright- 
ness and duration, appearance and changes of appearance, 
and with the magnifying power of the telescope employed. 


A star spectroscope should also be used, if possible, to ob. 
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serve its spectrum, if it is of sutticient brightness and dura- 
ration.” 

* As it has been contended that telescopic meteors are 
rendered visible by optical power at vastly greater distances 
from observers than ordinany shooting-stars can be seen, 
and that their apparent speeds. and lengths of path are, 
under these circumstances, greatly reduced by distance and 
rendered inferior to those of the majority of meteors, obser- 
vations of small telescopic meteors with short slow courses, 
if they occur, should be carefully recorded, in order to deter- 
mine if they are priacipally seen at low apparent altitudes, 
and moderate, real heights only, or with equal frequeney at 
all angular altitudes above the horizon, and therefore at all 
possible heights above the earth's surface to which the use 
of astronomical telescopes of the highest powers and aper- 


ht." 


tures enable us to extend our sig 


‘Second, Shootine-stars are observable with a certain 


frequency on all cloudless nights. The result of an attentive 
| 
i 


watch on such occasions to note their freguency by a few 


hours’ observation, especially if in the absence of the moon 
is of great value: but the fitful activities of many meteor 
showers often combine together to render a rate of frequeney 
concluded from a single hours’ observations deceptive and 
misleading : and attention must be paid to noting the mid- 
dle time of the watch to the nearest quarter of an hour, as 
upon its lateness in the night, as well as on the season of 
the year, depends the average herary number whieh a single 
observer may expect to see. [mn comparison with that of an 
evening hour at six o'clock, the miomber visible in the same 
morning hour is about double, and nearly as notably greater 
for a midnight hour in Augast or September, than for one 
in February or March. For an average midnizht hour in 
the whole year, (Quetelet estimated the herary number 
visible toone observer in a European station as about six 
meteors: and a greater number than twelve or fifteen 
meteors seen in an hour at an average time of night and 
season of the year, may be regarded (though not certainly) 
as indicating an active exhibition of some special meteor 
shower. It is of the promineney which such execep- 








4 THE SIVDEREAL MESSENGER. 








tional phenomena sometimes reach as meteorie spectacles, 
that the distinction which has arisen between shower 
meteors and sporadic shooting-stars is entirely owing; and 
from the partial extent of our present acquaintance with 
the directions, intensities and duration of multitudes of 
weaker descriptions of such showers, innumerable shooting 
stars must still be regarled as ‘sporadic,’ until well 
determined centers from which they appear to diverge ac- 
curately can be definitely assigned to them." 
(TO BE CONTINUED.) 


CORRESPON DENCE, 


NOTE ON O” ERIDANI., 

The position of this interesting group of stars for 1880.0 

is 
a= ff a c= + 7T &’ 

The brightest star is of the fourth magnitude, and at a 
distance of 82” in angle of position 196. There is a pair 
of stars of the tenth and eleventh magnitudes, whieh prob- 
ably belong to the same system, since these three stars havea 
common proper motion of +° a year. Between the bright 
star and its two faint companions there isa small star of the 
twelfth magnitude which does not share in the proper mo- 
tion of the group. This group has some resemblance there- 
fore to 61 Cygu/, and on account of its great proper motion 
and the distance of the two faint comp:nions, it is probable 
that we have here a case of large stellar parallax. This 
star is not however well situated for an observer in north 
latitude, since it is in south declination, and not easily fol- 
lowed throughout the year. It is possible, however, that 
some useful observations may be made by an observer in 
our latitude. The coetticients of parallax are : 

In right ascension 0.985, 
In declination 0.509, 


It would be better. theretore to observe distances in right 


ascension if one had a micrometer that could be used for 
this purpose. A. Hatt. 
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HINTS ON DOUBLE-STAR OBSERVING. 

Mr. Burnham's *‘Hints on Double-Star Observing’’ are 
yaluable and interesting, although | might probably take 
exception to one or two of his conclusions. For instance, 
instead of being absurd, | think it is important to adopt, as 
far as possible, an “invariable rule’* both in the measure- 
ment of angles and of distances. The detection and elim- 
ination of personal errors Is practically impossible without 
some such rule. 


The formule for the rejection of double-stars quoted on 
page 14* was first given in my report to the Astronomische 
Gesellschaft on the work done at this observatory during 
the year L877. It was not intended as a general rule to be 
employed in the selection of double-stars really worth 
preserving,’ but merely as a limit in preparing a working 
list to be used in carrying out agiven work. In fact, I have 
for some time had in view another series of observations, in 
addition to the one now practically completed, to inelude 
all pairs within the power of onr equatorial, having a dis- 
tance less than 2", and situated between the equator and 
30° south declination. | am perfectly willing to agree that 
a 1” pair should be saved in all cases, but even his formula 
does not do that. On the other hand, [| cannot agree that 
there is no ‘‘sufficient reason for varying the limiting dis- 
tance on account of the magnitude of the companion.”’ If, 
for instance, we consider pairs whose components are of the 
same magnitude, 1 think an inspection of Mr. Burnham's 
table will show at a glance that lis distances are too small. 
He certainly would not be in favor of rejecting as unworthy 
of further notice all eighth magnituile pairs whose distanees 
are greater than 5". [do not believe a single formula to 
be used indiscriminately hy all observers is advisable. As 
science advances, and as our instrumental means and meth- 
ods of observation are improved, the choice of objects to be 
observed will change. No series of observations, however 


should be undertaken without a detinite object in view. 
ORMOND STONE, 


* Vol. 1, No.2 
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WELLS’ COMET. 

On May 1, Wells’ comet was seen to occult a star of the 
tenth magnitude. The comet passed almost centrally over 
the star, and for a number of seconds, the two could not be 
separated, with a power of 400, on the 18-inch refractor, 
The conjunction occurred May 1, 8° 22.3" M. T. 

The approximate diameter ofthe envelope surrounding the 
nucleus was about 12° of are. On May 15, the brightness 
of the nucleus was estimated equal to that of a seventh mag- 
nitude star, and on May 23, equal to 6} mag. star. It may 
be inferred from these estimates of brightness, that the 
comet will be visible to the naked eye about June 1, but it 
will be very unfavorably situated for seeing. 


Gy. W. Hoven. 





Wirturam R. Brooks, Red House Observatory, Phelps, N. Y., May 


17, writes: “Comet seeking with the 5-inch reflector is regularly car- 
ried on every suitable night. Frequent observations have been made 
of the new Wells’ comet from the first morning succeeding discovery. 


Its increase of brilliancy, development of the nucleus, coma, and tail, 
have been specially noted and recorded Solar phenomena receive 
attention, and the marvelous sun-spots which appeared at the epoch of 


the brilliant auroral display of April iG, and which by rotation have 





again appeared, were recorded and drawings made. On the evening 
of April 18, a very beautiful meteor was seen, about twice the brilliancy 
of Venus, at its brightest. It started about seven degrees above Vega, 
and moved in a northeasterly direction, slowly fading from sight be- 
ore reaching Cosséo pea. Tt had a faint train, and the estimated period 


of the meteor’s apparition was three seconds 


Comet Wells has been a theme of lively interest among observers for 
the month past. Telescopes in all parts of the world have been turned 
upon it, and every astronomer’s report, naturally enough, has something 
to say about it. Some disappointment is felt, that it does not grow 
bright more rapidly, in view of the predictions of some prominent 


observers and computers, vet no one co 


ild foretell very certainly about 
that future of the comet be ce so much depends on the nature and 
state of the nucleus. We give below drawing of the comet as it 


appeared inthe Clark 81-inch equatorial of Carleton College observ- 
atory on the evening of May 16, at $l 30: meantime with power 50. 


This drawing was made by | Professor Armsby and well represents 
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the comet in its apparent position, as seen in the telescope. This 
bright star on the right of the nucleus is 50 of Cusséopeta, the remain. 
ing seven stars were not known. At the time of observation the tail 
could be traced nearly one degree in length 





COMET ¢ (WELLS) ISS2 


Below are given the elements of the orbit as computed by MR 
Easert of Dudley Observatory, and also those computed by E. Lamp 
ef the Observatory at Keil, Prussia, as given in the Vuchrichten. 


EGBERT. LAMP. 
T=1882 June 10. 3076,M. T ‘T=1882 June 10. 56388, M. T. 
Greenwich. Berlin 
7#— QQ =209° 21' 13" ) Ecliptic & 7T=05° O4° 30.7 ) Mean 
Q=204 438 11 § Equinox Q =204 54 49.5 9 Equinox 
f= 73 38 45 \ issz0 (= 7347 29.2) 1882.0 
Jog g=8. 769098 log g=8.783674 


The following rough ephemeris by Mr. Ecnert shows that the 
opportunity for observation when the comet reappears from behind the 
sun will not be faverabie for in high northern Jatitudes 


EPH EMERIS 





Greenwich 12h. a , 
June 10 5" 10°.9 | 199° 33 
i4 6 23.1 | 16 30 
18 ry 12 6 1 9 
~6 8 548 13 51 
July 12 10 45 4 9 3 
Aug. 13 | 12 24 3 52 
Sept 14 13.13 0 16 
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Observer HEss of Fort Dodge, lowa, May 21, at 9", saw the comet 
near the middle of a small triangle formed by one 5th and two 6th 
magnitude stars, the form of which was supposed to be B. A. C. 1001. 
The nucleus was about the brightness of the sixth magnitude stars. 





Professor ORMUND STONE of the Cincinnati Observatory has very 
recently been appointed Director of the Leander McCormick Obsery- 
atory of the University of Virginia. The Institutien is already in 
possession of the great refracting telescope made by the Clarks, a few 
years ago, for Mr. McCormick who generously donated it to the Univer. 
sity in 1877. It cost nearly $50,000 and is probably not inferior to any 
telescope in the United States. The friends of the University have con- 
tributed $75,000 to endow the chair of astronomy. By a late report of 
the Board of Visitors a most commendable outlay in the interest of 
scientific research is shown. 





The Warner scientific prizes will tind place in our next issue. 


Rear Admiral Joun RopcGers, Supt. of the U.S. Naval Observatory, 
died on Friday evening, May 5, at eight o’clock. His death is greatly 
regretted at the observatory, and his family have the heart-felt sympa. 
thy of all who had the pleasure of being associated with him. Aside 
from his scientific attainments, second to none, he was a master ot his 
profession indeed, and the world may be said to have lost one of the 
finest naval officers of the age. His successors on various Boards, and 
at the observatory, have not been designated. It is safe to say that 
several men will be required to do the work which he alone carried 
on. E. F. Q. 





Under date of May 11, Professor Stone of Cincinnati writes: “ In ob- 
serving One of our D. M. zones (— 23° dec.) a remarkable vacuity was 
found in the region between 16" I7™ and I6® 25" right ascension. In 
this region there is no star brighter than 9.5 mag., and only one of that 
magnitude. 


The Observatory gives additional interesting evidences of coincidence 
between solar activity and our recent auroras. It says: “ Between the 
16th and 17th of April the spots increased in size inthe most remarka 

‘ble manner. * * * About the same time, a most violent magnetic 
storm was raging. From about midnight on the 16th to the following 
evening, there was a continued and violent disturbance of all the ele- 
ments, declination, longitude force, and vertical force, the greatest dis- 


turbance noticed since 1872,” again coinciding with our second feebler 
aurora. Speaking of another group, it says: “Composed principally of 
two large spots on the 18th, on the 20th it showed three of very consid 
erable size; and again, simultaneous with the spot changes there was 
another magnetic storm, less violent indeed than that of the 16th, but 
showing very sharp disturbance.” a 
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The reputation which Mr. Joun Byrne of New York has gained, as 
maker of object-glasses of excellent flnish and definition, is certainly 
an enviable one. Prominent astronomers are using his telescopes in 
Europe as well as in America. 
pear soon. 


A list of his recent telescopes will ap- 





Especial attention is called to the fact that we are prepared to offer 
HAaRRIsON’s excellent telescopic picture of the moon for two subscrib- 
ers to the MESSENGER, Or $4 before the first day of July next. The 
advertisement elsewhere will give full particulars. 

It was reported by telegraph that the total eclipse of the sun was 
successtully observed in Upper Egypt, May 17, by English, French and 
Italian astronomers, ann that a tine Comet was discovered, and other 
important observations made. The report thus far lacks confirmation. 


American astronomers have been looking for something official or 
otherwise respecting the performance of the great Vienna refractor of 
27 inches aperture, made by GruBB of Dublin. This instrument, the 
largest of its kind in the world, has been mounted a year or more, and 
is in charge of one of the most eminent of European astronomers. If 
the object-glass is a good one, as we trust it is, it is due the maker that 
the fact should be known, to say nothing of the expectations of the 
astronomical world. 





The display of Lyrid meteors which usually occurs on April 18-20 
was very meager this year. By concerted action, watchers in Pough- 
keepsie, N. Y., and Haverford, Pa., were to make observations as to 
their height in the atmosphere. On the morning of the 18th not more 
than four an hour were observed at either station, and on the 19th still 
fewer. Perhaps the maximum occurs earlier than usually given. 


I. 8. 





Our genial astronomicai friend, C. H. R., of the Empire State, says 
that twenty-five copies of the May MEssENGER requested, were thank. 
fully received, and that “the said copies are already on their several 
routes to Peru, WaAsHINGTON TERRITORY, Htupson’s Bay 


and SaNpD- 
WICH ISLANDS.” 


Dr. Drarer’s photograph of the Great Nebula of Orion, and the pho- 
tograph of the spectrum, not yet given to the public, are spoken of, by 
private viewers, as specimens of high art. 





They will be issued prob- 
ably with the next volume of the Washington Observations. 





The flint dise for the 36-inch objective to be made by ALvAN CLARK 
Its 
diameter is 97 c. m., (38.19 inches), its thickness 55 c. m., (21.65 inches) 
and its weight 170 kilogrammes (375 pounds). A month was required 
in the cooling. A crown disc has also been cast by M. Feri (fils) who 
made the flint.— Vature, 1882. Feb. 6 


& Sons for the Lick Observatory, is on its way to this country. 
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MEDAL. 


e received this medal, is extracted 





FOR WUAT AWARDED, 
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Lise very of Pallas. 
Cutulogue of stars. 
For Gune; und tor geodetic operations. 
For } ext, 

Pendulum observations 

Che in Motus. 

For his published memoirs. 
HIUMBOLDT’s observa: 
Memoirs on Sutura’s system. [tions. 
Puables of Murs. 

Theory oft Vesta 

‘ue of 7,500 stars. 

al researches. 

Memoir on Sutura’s satellites. 


12 
i 





Theoretic 


rallax of stars. 

Discovery of three comets. 
Libration of the Moon. 
Memoir on ENCKE’s comet. 


Discovery of comet 1821, I. 


Discovery of a comet. 
For comet observations, ete. 
lheory of ENCKE’s comet. 


Observations of double-stars. 


. Pendulum observations. 


"Theory ot 


Discovery, ete of three comets. 


For their work on geodetic and astro- 
\  nomical observations in 1821-3. 


. Observations, etc., of the new comet. 


For making astronomical instruments. 
Discove ry of a comet. 


a comet’s head. 
ork ou double-stars. 
his publications in general. 


r his Ww 
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| Discoy ery of two comets. 
Discovery of a comet. 


New map of the moon, 
\ 


vlass-manutacture. 
or his work on weodesy. 


Discovery of three comets. 
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. Discovery of a comet 
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YR. RECIPIENT. | FOR WHAT AWARDED. 
1845] Oe EEE ao Discovery of an asteroid. 
pe OR error ere {Discovery of Neptune. 
1847|Hencke and “Hind Pree a anaes Discovery of asteroids 
1848\Grahi WN cess scabies “6 “ 


1849| De Gasparis eee ees 

1850) De Gasp: Wis and Hind Ace 

1851|De Gasparis and Hind... 

1852|)De Gasparis, Hind, L uth. 
|} er, Chacornac and Gold 
| schmidt... 

1853|De Gasparis, Hind, ‘Luth- 


er, Chacornac 


1854)Luther...... 

SOONG oo ceceiceccces 

Goldschmidt (ttwweeeded 

i) 

Perguson .... 65-65 

17 ee 
1855/ Luther ) 

PEMAOONTIRE: «50:5 sb ovss cee 

Goldschmidt ............) ) 
1856! Pogson, Chacornac...... j 

Goldschmidt ...........5 4 
1857|Goldsclimidt ....., ea ne ss 
Poof) —— a Discovery of Brorsen’s comet. 


1858) Goldschmidt eee 
PR GUPONE. f ociciceccw us - Discovery of asteroids. 
lSearle 


- Smee ™ innecke Se y Discovery ot comets 
eo ee ee eee \ ; 

1859|Luther,.....0 0... Discovery ot asteroids. 
1860) Luthe ry, Goldse midt & |} 

Ch: cornac, Ferguson. 

Foerster, Lesser... i) 
1861) Luther, Goldschmidt &.. f 

frempel................, r 
1862)Clark Car -eceeee....|Discovery of a companion to Sirius. 
1863)Chacornac ... 2.0.0.0... "|For his star charts 
1864|Carrington... 2.2... 2.2... For his solar observations. 
1865)De la Rue............ |For his celestial photography. 
pC ee re For his geodetic observations. 
1867|Schiaparelli..... ....... For his theory of meteors, ete. 
1868|Gaussen......0......0.08- Spectroscopic observations of the solar 
1869/Watson .... ........... |Discovery of 9 asteroids. [prominences. 
1870) Huggins ...............- For his spectroscopic observations, ete. 
1871|Borrelly ...... wees... Discovery of an asteroid. 
1872|P. Henry. Ee ee a a ‘i 

| Prosper spies Sansa cents i 
1873 Coggia. eeu ..-+++/ Discovery of a comet 
1974) Monchez aha, tater earns 

Bouquet de la Grye neue 

depth kg Ee Lee For their observations of the transit 

PU occ wea cones Me of Venus 


\Her: aud . 


Tisserand 
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Y’R | RECIPIENT FOR WHAT AWARDED. 

| 
SG, eee ee . wt é _— Fee ene ee ee 
oS ee ae |For his asteroid discoveries, ete. 
eg Oe ere 6 se se “ 


1877/A. Hall... 


For his discovery of Wars’ satellites. 
1878/Meunier ... 


For his work on meteorites. 





1879)C. H. F. Peters...... .../For his discoveries of asteroids. 
1880) E. SR NOMO Soc awids RaRaae For his catalogue of 10,000 stars. — [lax. 
i | a iim geet |For his determination of the solar paral- 


DEFINITIVE POSITIONS OF THE RED STARS. 

Part IV. of the Astronomical Obsercationsand Researches made at Dun- 
sink, the Observutory of Trinity College, Dublin, contains the mean 
places of 321 red-stars, deduced from observations made with the me- 
ridian circle at Dunsink by Dr. J. L. E. Dreyer. 

The work contains about 1140 observations of the 321 stars each of 
which has been observed on the average 3! times. Of these observa- 
tions, 445 were made by Dr. CopELAND in 1875-76, and the remainder 
by Dr. DREYER in 1878-80. 

The epoch of the catalogue is 1875.0, and the system is that of the 
Astron. Gesell. zones, so that subsequent comparisons will be easy. 
The work begins with an account of the PrsrorR & Martins meridian 
circle. Its aperture is 6.38 inches, focus 8 feet. The power used has 
been 180. This circle is similar in design to those of Ann Arbor, Al- 
bany, Copenhagen, Leyden, Washington and Leipzig. The standard 
clock by Dent is mounted in the observing room. The observations 
have been made by eye and ear over wires only 3°.2 apart, and Dr. 
DREYER says, What is tolerably clear, that this interval istoosmall. The 
pointing in declination is done by means of two threads 14" apart. 

There is a difference in the size of the (exactly cylindric) pivots equal to 
— 0°10. The col/émution has been determined over mercury. The 
equator-point has been determined from the zero stars of the Astron. 
Gesell. The latitude is not detinitively determined, but is taken at 53° 
23° 13".0 

There is a difference 1n the horizontal flexures of the instrument, 
Cl. E. and Cl. W., but the absolute flexure is small. Both circles are 
finely divided, and the division errors of each are given. The eight 
micrometer screws have been twice investigated. The constants of the 
instrument have been investigated by all the various methods, and the 
results by the various ways agree well. 

Dr. DREYER would confer a favor if he would describe in detail his 
plan for getting the exact position for the counterpoise weights referred 
to on page seven. It would be interesting to know how much weight 
is allowed to remain on the Ys in the various meridian circles of the 
world. The reductions are purely differential, as has been said. The 
refraction is computed by BesseE.’s tables, with the Greenwich modi- 


fication. 
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The probable error of a clock correction derived from one star is 
-0°.052, 
and of a single determination of the equator-point, +0".55, or from 4 
stars, +0°.28. The resulting p. e. of a single declination is, above —10°, 
+0".63, and from —10° to —26, £0°.73. 

For comparison with this work we can refer to the Ann Arbor dec- 
linations of 195 stars, made with a circle of exactly the same size as 
that of Dublin, and also by the same makers, and published by the 
Washburn Observatory. 

This catalogue was observed by Mr. ScH4:BERLE in 1879, and the p. e 
of a single night in declination is +0°.55; in R. A., +0°.040 see. d 
ScHJELLERUP at Copenhagen, (10,000 stars p. Xvi), found between 0° 
and + 15° p. e. in Dec. +0°.69, and between 0° and —15°, +07.95. 


The magnitudes of the sturs have been assigned on ARGELANDER’S 
scale, and a note of the color of 


f each star is given tor each observation. 

The main object of the work is to leave good determinations of posi- 
tion of a large number of red stars, which may serve to show if the red 
stars as a Class have any peculiarities of proper motion. 

Besides this object, another has been attained. in that 321 red stars 
have been observed for color and magnitude on three or four nights 
each on the average. 

Dr. DREYER has now undertaken the observation of a large number 
of zero stars for SCHOENFELD'S Durchinusterung With this circle, which 
like the large refractor of the observatory, is not destined to be idle. 


E. 8S. H. 


NEW ASTRONOMICAL JOURNAL. 

M. FuramMarion has recently founded a new popular astronomical 
journal, having for title: L’ Astronemie, revue mensuelle @ Astronomie 
populuire, de Meteorvlogieet de Physique du Globe. 

No. I. is dated March, 1832, and contains a good account of the Ob- 
servatory of Paris, with wood cuts of its appearance in 1672, and at 


present. A list of the instruments in use is given, which we copy: 


Aperture 
GAMBEY Transit......... " S Mies 5.91 inches 
GAMBEY Mural Circle... 17 : 


edurcuus erm . 
(1) ErcnHens Meridian Circle.................. 948 . 
(2) " :  pevesnensionaen . 7.48 
LEREBouRS Equitorial. ............ “ 14.96 ’ 
SECKETAN ; 12 20 
SECRETAN 9 44 


A short an interesting history of the administrations of the various 
directors is given, most attention being naturally paid to the present 
one. The salaries paid are: 


Director.... 


awn ccee acdnastaeeae 15,000 francs 
i isan 6a ve ccanunetcusccaseces 12.000 * 
ROGIOMOMNEER . 6 5.0.06 dcccsoce baecawa ---.7 WW to 10.000 * 


Adjunct astronomers. 3500 to 7,000 


The meridian observations are to-day chietly devoted to a reobserva- 


tion of the LALANDE stars, some 48,000 in all. Probably the places of 
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some 23,000 LALANDE stars will be printed in 1882. The ten observers 
obtain some 28,000 observations yearly. 

The six observers with the equatorials are engaged on the observa- 
tion (and discovery) of asteroids, double-stars, ete. The reflector of 47 
inches aperture is not in use.. The large retractor of 29.13 inches aper- 
ture will be mounted shortly E. 8. H. 


SPECTRUM OF THE NEBULA OF ORION. 

Dr. HvuGGinxs has obtained a fine photograph of the spectrum of. this 
nebula, which shows a «ev line 4 3730 in addition to the four which he 
has located in the visible spectrum. 

In this connection it may be worth while to correct. a common, al- 
though a natural, error with regard to the question of the discovery 
of the discontinuous nature of the spectra of nebule. 

In August, 1864, Dr. HeGatns investigated the spectra of nebule_ be- 
fore any other observer, and communicated the results to the Royal 
Society on September 8, 1864. 

SEcCHT's observations of the spectra of nebule are published in the 
Comptes Rendus of 1865, and appear to be the record of an independent 
discovery; certainly they are usually so considered. That they are 
not independent may be seen from the fact that the results of Dr. Hue- 
GINS Were communicated to P. Seccut by Director Orro v. STRUVE, 
who wasat the time on a missionto Rome. Seccut received the announce- 
ment with incredulity, but as SrRUVE insisted on its correctness, SECCHI 
pointed on a nebula and saw the gaseous spectrum for the first time in 
conseauence of this announcement. This may not seem important 
now, but it is a portion of the history of astronomy, and if recorded at 
all, should be stated correctly. E. 8. H. 

TRANSIT OF VENUS. 

The following stations have been selected by the French government: 
Guadeloupe o7 Martinique, M. TrsseERAND in charge; Cuba, M. p’AB- 
BADIE:; Florida, Col. PERRIER; Mexico, M. Boqurr de la GrygE; Pat- 
agonia, (Rio Negro), M. PErRotrin; Santa Cruz, Capt. FLEURAIS. 


The following names have been assigned to newly discovered aster- 
oids: 205, Martha; 207, Hedda; 208, Lacrimosa; 210, Isabella: 211, 
Isolda; 212, Medea; 214, Aschera; 216, Cleopatra; 218, Bianca; 219, 
Thusnelda. " 2. 8. 

VARIABLE STARS 

An ephemeris of the variable stars, similar to those of previous years, 
has been issued by the -Astronom/scfe Gesellschaft for 1882. It contains 
the times of maxima and minima of most of the variables whose peri- 


ods are known, including, in addition to Algol, five stars of the Algol- 
type, viz: 2 Tauri, S Caneri, d Libre, U Corone, and U Cephei. A 
minimum of Mira (ef/ is fixed to February 3—this phase has been 
much less observed than the maximum. Both this minimum and the 
following maximum on May 23 are dated about ten days earlier than 
Argelander’s formula of sines would indicate, but the observations of 
the last ten years have shown additional perturbation.— Nature. 
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SIDEREAL \IES SSENGER,. 
A Monthly Review ot Astronomy, 


In Ten Numbers Annually, - - - $2.00. 





Cc" ee ER is the only satuiiied ul in the United 

aes States devoted exclusively to popular Astronomy. 

Observers and students in this delightful branch of study 
are lending generous and unexpected aid. Numerous let- 
ters of commendation have also been received from many of 
the leading Astronomers in all parts of this country. 

SEE NEXTPAGE FOR VALUABLE OFFERS FOR ONLY Two 
NEW SUBSCRIBERS. 


Carleton College, 


——e A I —— 


Northfield, - - Minnesota. 
— 
PULL PREPARATORY AND COLLEGIATE DEPARTMENTS. 
ENGLISH, SCIENTIFIC, LITERARY and MUSICAL COURSES. 
ALL DEPARTMENTS OPEN TO STUDENTS OF EITHER SEX 
EXPENSES VERY LOW. 


+ —@ me ++ 








Special advantages for Scientific Study. The new Edi- 
fice for Ladies Hall in process of erection, and to be com- 
| 
pleted January Ist, 1883. 


CALENDAR FOR 1882 

Spring Term began Wednesday March 29, and ends June 15, 1882. 
Term examin: tions, June 12-14, 1882 
Examination to enter college department. June 9 and 10 and Sept. 5, 
Anniversary exercises June 11-15, 1882 
Fall term begins Wednesday, Sept. 6, [SS 

For further information address 

JAMES W. STRONG, Pres., 
NORTHFIELD, MINN. 





Telescopic Pictures of the Moon. 


Reproduced in Colo hes in Diameter, and Adapted 


Phe Picture rej : the telescace, with its silvery 
glittering effect. it shade, its brilliantly illumin 
ated m tain peaks rly tinted greenish plains, and its 
magniticen lL ¢ only true telescopic yiew of the 
lunar surface © | the moon will be given in a series 
of six pictures of t : sold crescent.” “terminator 
at Messier,” (already ~s old, terminator at the crater 
“Katharina.” * t ids “Last Quarter ” Sth. Sun 
set at Copernicus. { Moon, Sunset at Aris- 
tarchus.” 1 ‘ ! n let for ivi the 
hames, siz { ; ny ‘ > lithoe 
graphs will ap} | y ] ‘ir. Harrison’s price 
has been THRE 


VAUUADLE UPFaL i x J 1h “SIVERLAL Wf SSENGER,” 


One Copy of Harrison's B n Picture (First Phase) with Cata- 
logue will be Given ny F on Sending to the ‘‘Messenger”’ 
two new Subs , With $4.00, before July 1. Teach- 
ers of Astro ssay itis Excellent for Lec- 


Room Illustration 


Your Paint e , pected by all the gentlemen 
connected wit! tl I eed that, far as Coloring is con- 
cerned, it is mark esent of 0 tellite; but the equally 
important questi ‘ ‘ 1 \ not ily To test it, Ad- 
miral Redge irect \ 1 ‘ ulto comy e picture with some 
of the best lunar } re twa 1 that could be de- 
sired. The tai t f : t ol the ilu 1ated portions, but 
even in the d purts ‘ rth- t herefore congratulate 
you on havil mos t the moon as seen through a good 
telescope. I also « - é \dmiral to myself, which you will 
tind of interest, a f Wot. HARKNESS. 


NAVAL OBSERVATORY. 
Washington, D. C, 
We have exam VI Moon and think itone of the best 
that we have t \spAH HALL, 
J. R. EASTMAN, 
EpWARDS. HoLDEN, 
H. M. PAUL, 
\ N SKINNER, 
EDGAR FRISBY. 


Your painting é - t artistic aad scientific 
interest. It cert ! of the moon more truthfally 
than any draw -type copies of your series of 
paintings would | 1 ‘ \. PRocTOR. 


Tam glad t I l hic copies of your 
paintings of i 
as faithful i ‘ ] 
the moon as is your reat ucquisition to students, 


teachers and amnut \ -EWis M RUTHERFURD. 


re 


Tam very gladt r t . ‘ ‘lithographic copies of 
your oil-puinting t i iinting in general effect 
they will cert ye of : HmeNKY DRAPER 











ESTABLISHED IN BUSTON A. UD. 1798. 
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97 WATER STREET, 


MASS. 
MANUFACTURERS OF— 


MEAN TIME. SIDEREAL AMD IMPROVED BREAK-CIRCUIT 


CHRONOMETERS, 


Which are acknowledged by scientitle men to be the best in use. _Im- 
porters and sole agents in the United States for the celebrated 


Y c . - . ) ~ I> : ’ = . ro 

Watches & Pocket Chronometers, 

Made expressly to their order by VICTOR KULLBERG and JAMES 
POOLE & CO., Loxbon 


Scientific Instrumerts taperted to order from L. om. London 





FAUTH & CO., 


ASTRONOMICAL WORKS. 


WASHIINGTON, D.C. 


—- 


EQUATORIALS, TRANSITS, MERIDIAN CIRCLES, 


ASTRONOMICAL ‘CLOCKS. 


With Break-Circuit Arrangement. 


CHRONOGRAPHS. 


und instruments tor higher Geodesy and Engineering purposes. 


Ta NEW CATALOGUE IN) COURSE OF PREPARATION 
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The cut represents our No inch dial Regulator, un- 

equalled for Train Reportin | Dispatching. Zn 
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Send for Circulars and estin P. H. DUDLEY, 


Pine St., NEw York. 
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